T HE normal bronchial arterial blood flow provides only a very small portion of the blood flow through the lungs. 1 ' 2 Since it supplies oxygen and nutrients to the bronchial musculature and mucosa, it may have importance for pulmonary mechanisms far beyond that expected on the basis of its small flow. After giving up its oxygen on passage through the pulmonary parenchyma, this flow passes into the pulmonary system where it may contribute oxygen-depleted blood to the pulmonary venous outflow. Precapillary anastomoses probably play a minimal role under normal circumstances. 3 ' 4 Because of the great potential for proliferation of the bronchial vascular system in congenital anomalies and inflammatory conditions, and after experimental obstruction of the pulmonary artery, 5 ' ° the flow through this system may also have relevance in the evaluation of circulatory mechanisms.
The normal anatomy of the nutrient arteries supplying the parenchyma of the lung was studied long ago by Leonardo da Vinci, 7 von Haller, 8 and Kiittner. 9 The great variability in the topographical origin was early recognized. Cockett and Vass 10 have reviewed the pertinent literature. Kiittner 9 demonstrated that dye injections into the aorta resulted in the staining of the bronchial mucosa in man; he described the posterior bronchial arteries in the dog and showed that the branches to the right and left lung often had a common trunk with a medial intercostal artery, emerging from the aorta at the sixth thoracic segment. Berry et al. 11 confirmed the arrangement desci'ibed by Kiittner. Notkovich, 12 in an extensive study in 30 dogs, found that the bronchial arteries arise in all cases from the first to the fourth right aortic intercostal arteries. Miller 13 showed that the bronchial arteries supply the airways as far as the respiratory bronchioles. Branches to the subpleural capillary network on the surface of the lung, to the vasa vasoruin of the larger pulmonary vessels, and to the mediastinal structures were also demonstrated.
A curiosity of the true bronchial circulation is the fact that it has no veins of its own. Liebow and his group 14 studied the venous drainage of the bronchial vascular bed and pointed out that the intrapulmonary drainage is via the pulmonary veins to the left heart. The extrapulmonaiy part of the bronchial vascular bed drains mainly via the azygos vein and the superior vena eava into the right heart. The "bronchial" arteries, therefore, represent a vascular system which supplies numerous mediastinal structures in addition to the bronchial tree.
Many attempts utilizing both indirect and direct methods have been made to measure tlie flow through this system. Indirect measurements were made after ligation of the pulmonary artery to one lung in dogs (Bloomer, Harrison, Lindskog, and Liebow,"' and Vidoue and Liebow 15 ). The collateral flow participating iu gas exchange ("effective" flow) was computed by bronchospirometry together with the Fick principle and was found to be about 300 ml./min./M.
2 of body surface. Since the method cited appraises only the part of the bronchial flow which participates in gas exchange, the values reported are surprisingly high.
The Fick principle has been used to ineassure the "effective" pulmonary collateral blood flow in man (Fishman et al. 8 ). In longstanding intrinsic lung disease with increased pulmonary vascular resistance, the effective collateral flow is known to be increased, but even so it is less than 10 per cent of the cardiac output. The collateral flow approaches normal cardiac output values only in cases of congenital absence of the pulmonary artery.
The bronchial artery flow in dogs was measured directly by Bruner and Schmidt 16 who supplied femoral arterial blood to a cannula in the origin of the right bronchial artery at the fifth intercostal space. A bubble flowmeter showed a range of delivery of 0.6 to 27 ml./ min. with an average of 4 ml./min. Labeled erythrocytes showed that the right lung rereived two-thirds of the bronchial arterial blood while the remainder supplied the mediastinum. Stimulation of the vagus increased flow to the bronchial vascular bed, while sympathetic stimulation reduced the flow.
"Williams and Towbin 17 ligated the pulmonary artery and then estimated bronchial flow as the backflow from the cut distal segment of the vessel. They found this to be 4 to 9 ml./ min. More recently, State et al. 1 and Cudkowicz et al. 2 measured the left and right heart output simultaneously in dogs and calculated the difference, i.e., the collateral flow, to be approximately 1 per cent of the total cardiac output.
To obtain further insights into the regulation of the bronchial arterial circulation, we have developed a method which registers flow continuously in dogs. This technic permits direct and continuous measurement of the changes due to experimental procedures or to the administration of drugs.
Methods
It is difficult to isolate the true bronchial arteries from their widespread anastomoses with the mediastinal and pericardial vessels. However, a technic was developed in the course of the preliminary studies in a series of 12 dogs by means of which the extrabronehial fraction of flow could be minimized. This teehnic has since been used with only slight variations in more than 20 experiments.
Ten dogs were anesthetized with intravenous injection of pentobarbital sodium (about 30 mg./ Kg.). A large cannula was tied into the trachea through a low incision. The cervical vagus nerves were isolated. To abolish spontaneous respiratory movements, a continuous infusion of diacetylcholine chloride (succinyleholine) (0.16 mg. in After a left thoracotomy, the sixth rib was resected. The first 5 lateral and the first medial intercostal arteries were then ligated at the aorta. The descending aorta was retracted venkally and the second, third, and fourth medial intercostal arteries were then isolated. The posterior bronchial arteries usually originated at the second and third medial intercostal arteries at the fifth right intercostal space. Occasionally, the bronchial artery for the left lung originated directly from the aorta. After the bronchial vessels were isolated, the remaining medial intercostal arteries down to the fifth branch were ligated. The esophageal branches were ligated.
The segment of the aorta from the second to the fourth intercostal artery, which contained the vessels to the pleura, mediastinum, and bronchial tree, i.e., the bronchial vessels, was then isolated to produce a small vascular sac. The gap in the descending aorta was bypassed by means of a T-tube. One arm of the T-tube was connected to a rotameter (Fisher and Porter Co., No. O2.F1/ 8-20-5/36) and then to the isolated aortic segment (%• 1).
Plastic cannulas, 1 mm. in diameter, were tied into the pulmonary artery and into a left pulmonary vein. Simultaneous pressure recordings taken from these vessels as well as from the tracheal tubes were traced on a Sanborn direct writing apparatus.
The bronchial vascular resistance (R) was calculated as the pressure drop (AP) in mm. Hg from aorta to pulmonary vein, divided by the quantity (Q) of flow in ml. blood per minute so that AP R = Q At the end of each experiment, 15 ml. of a 0.1 per cent solution of "fast green" dye were injected into the aortic sac to visualize its vascular communications and the tissues it supplied.
Results

Characteristics of Flowmeter and Preparation
The flowmeter (capacity 0 to 60 ml./min.) had a curvilinear characteristic for flows less than 5 ml./min., and was quite linear in the 5 to 60 ml. range. The pressure drop across the flowmeter between the aorta and the bronchial arterial system was less than 5 mm. Hg and the phase of the pulse pressure curve was practically unchanged ( fig. 2 ). The perfusion pressure and phase relationships for the bronchial arterial system were therefore practically identical with the central aortic pressure. This could be achieved because the orifices of the bronchial arteries were not cannulated and no significant additional resistance was introduced by our preparation.
Flow Measurements Initial Reduction
Blood flow measurements were recorded at intervals of 10 to 30 seconds. The bronchial blood flow was highest immediately after it had been interrupted for several minutes during the preparation of the aortic sac and the connection of the fiowmeter, and then fell to a constant level within the course of a few minutes ( fig. 3 ).
Spontaneous Variations
Small spontaneous variations in bronchial artery flow were sometimes seen in our experiments. One of our dogs showed larger variation for a prolonged period of time, but these were synchronous with marked fluctuations in systemic blood pressure due to arrhythmias.
Effects of Air Pressure
An increase from 20 to 30 cm. water insufflation pressure was associated with an increase in the calculated bronchial vascular resistance in 4 dogs ( fig. 3 ). This was indicated by a fall in flow; a decrease in insufflation pressure to 20 cm. water was then accompanied by a return of the blood flow to previous values. Further lowering of the insufflation air pressure did not produce a further decrease in bronchial vascular resistance in our preparations.
Vagotomy
After the bronchial flow was stable for at least 5 minutes, the previously isolated vagi were cut bilaterally in dogs 4 to 8. The calculated bronchial vascular resistance increased within a few seconds in all 5 animals, and then persisted at the higher values (table 1) .
l-epinephrine
When the systemic pressure increased after intravenous injection of Z-epinephrine, the flow through the bronchial vascular system increased proportionate!y. Injections of Z-epinephrine into the bronchial artery via the sac system sharply decreased the bronchial flow. Since the systemic blood pressure was unaffected in the latter case, it must be concluded that a marked increase in bronchial vascular resistance was induced (fig. 4) .
Serotonin
Responses of the bronchial vascular resistance to serotonin (5-hydroxytryptamine) in doses of 1 ^g./Kg. into the bronchial artery were compared with the responses to injection of 5 ,u,g./Kg. into the pulmonary artery or vein (table 2) .
Bronchial Arterial, Injection. The systemic pressure remained unchanged after the injection of 1 /xg. of serotonin into the bronchial arterial system. The bronchial vascular resistance first showed a transitory increase followed in about 30 seconds by a decrease in resistance which persisted for approximately 2 minutes ( fig. 5) .
Pulmonary Artery or Vein. The administration of 5 /xg./Kg. of serotonin into the pulmonary artery in 5 trials and .10 injections into the pulmonary veins resulted in a decrease in bronchial vascular resistance within about 10 seconds and reached a maximum in about 30 seconds and then returned to control values in about 2 minutes.
The difference in response after injections into the bronehial artery and into the pul- 
Anatomic Control
At the end of each experiment, the injection of 15 ml. of an 0.1 per cent solution of "fast green" dye into the aortic sac was used to demonstrate the vessels and tissues supplied by the bronchial artery. In the majority of the preparations, the bronchial vessels in both lungs were clearly outlined and the bronchial mucosa showed fair to very good staining. The bronchial arteries could be traced to the dorsal region of the bifurcation of the trachea. An annular vascular distribution of the dye could be seen between the tracheal rings for an inch or so of the trachea above the bifurcation. The major supply passed along the bronchi to the intrapulmonary tissues. The branches of the bronchial tree were clearly delineated. The va.sa vasorum of the pulmonary veins near the left atrium and of the pulmonary arteries near the heart were also filled. The connective tissue layer around the vagi was green in all preparations. With one exception, the pericardial vessels were also filled in all the cases where the dye had entered the bronchial vascular system. The wall of the esophagus was stained near the origin of the bronchial vessels around the aortic sac, despite the fact that all visible esophageal vessels had been li gated. Most of the cases also showed a slight filling of the right intercostal artery in the fourth or fifth interspace.
The data of 2 preparations were not included in the present series because the bronchial vessels remained unstained.
Discussion
With the present preparation ( fig. 1) , the bronchial vascular resistance and blood flow can be studied in dogs under nearly normal hemodynamic conditions ( fig. 2) . The normal relations between the blood pressures and flows in the pulmonary and bronchial vascular systems are maintained. The preparation differs from normal in that the lungs are insufflated with positive pressure. The exact role of this factor has not yet been evaluated. 
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Figure 3 Bronchial blood flow immediately after connection of flowmeter between aorta and vascular sac. The vertical width of the bar represents the oscillations of the float of the rotametcr. Prior to the establishment of the connection, the bronchial arterial flow had been disconnected for several minutes. The low resistance at this time is a characteristic response to the transitory occlusion, as in other vascular beds. After stabilization at S minutes, the insufflation pressure (1PPB) was raised from 20 to 30 cm. neater; this was accompanied by a fail in bronchial blood flow and a marked rise in bronchial vascular resistance.
However, lowering of the insufflation pressure from 20 to 10 cm. water had no effect on the bronchial vascular resistance or blood flow. Since we used an insufflation pressure of 20 em. water for all of our studies, we assume that the bronchial vascular system was not significally affected by the use of our ventilatory device.
The bronchial vascular resistance increased when the insufflation pressure was raised from 20 to 30 cm. water ( fig. 3) . It would thus appear that high intrapulmonary air pressures can affect the bronchial vessels, or perhaps the effect is by collapse of the pulmonary capillary bed into which some of the bronchial arterial flow passes.
It would appear that the communication between the vascular beds of the bronchial and pulmonary arterial systems is not completely open for flow in both directions. This is suggested by the fact that a transitory obstruction of the bronchial artery is followed by an increased flow. This may be interpreted as a reactive reduction in bronchial vascular resistance (hyperemia), a phenomenon which follows obstruction of the blood flow to tissues supplied by end-arteries. It is presumed that the accumulation of metabolic end-products generates a localized bronchial Effect of serotonin. arteriolar vasodilatation. The occurrence of such a vasodilatation may be interpreted as indicating that the blood passing through the pulmonary circulation does not eliminate these materials and the "reactive hyperemia." Since a portion of the bronchial arterial distribution is extrapulmonary, this part of the circulation obviously could not benefit by the intrapulmonary circulation, and part of the reactive hyperemia following release of occlusion of the bronchial vessels may be accounted for by vasodilatation in this extrapulmonary portion. An increase in insufflation air pressure would be expected to affect only the intrapulmonary portion of the bronchial vascular bed and not compress the extrapulmonary, mediastinal part in the open chest animal. Since the increase in airway pressure to 30 cm. water resulted in a substantial increase in bronchial vascular resistance ( fig. 3) , we can conclude that the intra-pulmonary bronchial flow is responsible in a considerable part for these results. However, the injection of dye at the end of each experiment demonstrated a marked staining of the bronchial structures while only a small amount of the dye stained the extrapulmonary tissues in the mediastinum. Therefore, the flow to the mediastinal tissues probably accounts for only a small portion of the bronehial arterial flow.
The effects seen after vagotomy (table 2) or after injection of Z-epinephrine directly into the bronchial artery ( fig. 4 ) support the observations of Brunei-and Schmidt 16 that the adrenergic fibers are vasoconstrictors to the bronehial vascular bed.
One of the advantages of the present preparation is that it is possible to test the effect of drugs on the bronchial vascular system without interference with the systemic effects of these agents. This was demonstrated by a comparison of the effects of systemic injection of Z-epinephrine with those after injection into the bronchial vascular system (fig. 4 ). An immediate bronchial vasoconstrietion, shown by a reduction in flow, follows direct injection into the bronchial vascular system. After systemic injection of Z-epinephrine, the vasoconstrictor effects on the bronchial arterial system are delayed in accord with the time required for transit of the agent through the bypass and the flowmeter. It is of interest that an increased flow through the bronchial arterial system results prior to the arrival of the agent in the bronchial system. The slight decrease in calculated bronehial vascular resistance may be accounted for by a passive distention of the bronchial arteries and arterioles by the increased transmural pressure or by a reflex dilatation.
Serotonin is considered to be a potent constrictor of the pulmonary vascular system. 19 However, State et al. 1 indicated an increase in collateral flow to the lungs after injection of large doses (1 to 10 mg.) of serotonin into the pulmonary artery. Some of this effect in their preparation may have reflected the considerable and prolonged coronary vasodilatation demonstrated by Maxwell et al. 20 after the injection of serotonin in amounts of 20 /xg./Kg./min. It was, therefore, of interest to test the effect of serotonin in the bronchial artery; after injection of 1 /xg./Kg., a transient increase in resistance was followed by a decrease in resistance (table 2) . Since'these small doses of serotonin did not significantly affect either the systemic or the pulmonary, arterial pressures, the demonstrated increase in bronchial flow can be explained only by vasodilatation of the bronchial arteries and arterioles. The response after injection into the pulmonary artery or vein shows that the bronchial vascular resistance fell sharply after a lag of about 10 seconds. Other data suggest that this effect may be a response to changes in pulmonary vascular resistance. Summary A method is described for the measurement of the collateral pulmonary blood flow in the thoracotomized dog by utilization of a flowmeter which measures flow into an aortic sac from which the bronehial arteries arise. This preparation maintains the normal perfusing pressures and diminishes phase changes in the-arterial pulse waves. The bronchial vascular'resistance is increased by an increase in the insufflation air pressure, by bilateral vasrotomy, or by the administration of lepinephrine into the bronchial arterial circulation. The bronchial vascular • resistance was decreased after a tratisitory interruption of the bronchial arterial blood flow (reactive hyperemia). After administration of serotonin in the bronchial artery, a transient increase in resistance was followed by a marked decrease. Intrapulmonary vascular injections produced on"y a decrease in resistance. The present data demonstrate the sensitivity of the preparation described.
Summario in Interlingua
Es deseribite un methodo pro le mesuration del collateral fluxo de sanguine pulmonar in le thoracotomisate can per medio de un fluxometro que mesura le fluxo entrante in un sacco aortic in le qual le arteriaa bronchial prende lor origine. Iste preparato mantene le normal pression de perfusion e reduce le alterationes de phase in le undas de pulso arterial. Le resistentia bronchio-vascular es augmentate per un augmento ia le prcssion del aere insufflate, per vagotomia bilateral, o per le administration de (-epinephrina a in le circulation bronchio-arterial. Le resistentia broncho-vascular esseva reducitc post un interruption transiente del fluxo de sanguine bronchio-arterial (hyperemia reactive). Post le administration de serotonina a in le arteria bronchial, un transiente augmento del resistentia esseva scquite per un reduction de marcate magnitudes. Tnjeetiones vascular intrapulinonar produceva solmeiite un reduction del resistentia. Le presento dittos demonstra le sensibilitate del prepanito describite.
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